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LATERAL-CONTROL INVESTIGATION 

OF FLAP-= CONTROLS ON A WING WITB QUARTER- 

CHORD LINE SWEPT BACK 35O, ASPECT RATIO 4, TAPER 

RATIO 0.6, AND NACA 6 5 ~ 0 0 6  ALRFOIL SECTION 

By Robert F. Thompson 

As part of an- NACA transonic-research program, a series  of wing- 
bo&y  combinations  are  being  investigated  in  the  Laagley  high-speed 
7- by  10-foot  tunnel  over a Mach nunher range of  about 0.60 to 1.20 by 
the  use  of  the  transonic-bump  test  'technique. 

This  paper  presents  the  result8  of an investigation to determine 
the  control-effectivenese  characteristics of 30-percent-chord flap-type 
control  surfaces  of  various on a semispan uing-fuselage.mode1. 
The wing of  the m o d e l  had 35O of sweepback of the  quarter  chord, an 
aspect  ratio  of 4.0, a taper  ratio of 0.6,- and an NACA 65A006 airfoil 
'section  parallel  to  the  free stream. Lift,  rolling  momente,  and  pitching 
moments  were  obtained at several  angles of attack  throughout a small 
range  of  control-surface  deflections. Most of the data are presented 
as  control-effectiveness parameters which show their.  variation  with 
Mach  number. 

In the  Mach  number  region f r a m  0.80 to 1.05 the results generally 
showed a marked  decrease in lift  and  aileron  effectiveness for all 
angles of attack. A relatively smaller decrease  in  negative  values  of 
pitching  effectiveness  occurs  fur  the  outboard  controls in the same Mach 
number  region at zero  angle of attack. 
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INTRODUCTION 
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The need for aerodynamic design data i n  the  transonic speed range 
has led  to  the  establishment by the NACA of an  integrated program for  
transonic  research. As part of this transonic-research program, a 
aeries of wing-body configurations having wing plan form a6 the  chief 
geometric variable are  being  investigated. i n  the Langley  high-speed 
7- by 10-foot  tunnel. A Mach number range from about 0.60 to 1.20 is 
obtained by using the transonic-bump test technique. 

T h i s  paper presents  the r e d t s  of an investigation  to.determine 
the  effects of 30-percent-chord  flap-type  control  surfaces on the l i f t ,  
pitching moment, and ro l l ing  moment of a semispan wing-fuselage model. 
The model  employs a wing with the  quarter-chord  line swept back 35O, 
an  aspect   ra t io  of 4, a taper r a t i o  of 0.6, and an RACA 65~006 a i r f o i l  
sect ion  paral le l   to   the free stream. The results of a previous i n v e e t i s -  
t i on  of the same wing-fuselage model without  control  surfaces,  giving 
additional .aerodynamic data, m y  be found in  reference 1. P r e v i a e  
control-effectiveness data f o r  this aerie8 we presented  in  reference 2. 

COEFFICIENTS AND SYMBOLS 

c2 rolling-mament coefficient a t  plane of symmetry 

9S-b 

Rolling moment of semi8p.n 

CIn pitching-moment coefficient  referred t o  0.23c 
Twice Pitching moment of semiman 

qSE 

9 effective dynamic pressure  over span of model, pounds per 
e p r e  foot  (+F) 

S twice wing area  of semispan model, 0.125 square foot  

b twice span of eemispan model, 0.707 foot  

- 
C mean aerodyrmnlc  chord  of w i n g ,  0.181 foot; based on relation- 

c2dy (using  theoretical   t ip) 

. 
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loca l  w i n g  chord 

spanwise distance from plane of symmetry 

spanwise distance from plane of symmetry to inboard  end of 
control 

m&ss density of air, slugs per cubic foot 

free-stream air velocity, feet per second 

effect ive Mach  number over span of model 

average chordwise 

local Mach number 

aspec t   ra t io  (3 
Reynolds nuniber of wing based on F 

angle of attack,  degrees 

control-surface  deflection, degrees (measured i n  a p b n e  
perpendicular t o  control-surface  hinge  line,  positive 
when control-surface trailing edge is  below wlng-chord 
plane) 

angle of sweepback, demees 

control span measured perpendicular to plane of symmetry 
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The subscript a indicates the factor  held constant 

MODEL AISD APPARATUS 

The wing of the semispan model had 35O of  sweepback of the  qyarter- 
chord l ine,   an  aspect  ratio of 4, a taper   ra t io  of 0.6, and an 
NACA 6 5 ~ 0 0 6  a i r fo i l   sec t ion   para l le l   to  the f ree  stream. The w i n g  was 
made of beryllium  copper  and the f'uselage-of brass. A two-view drawing 
of the model l a  presented i n  figure 1 and  ordinates  of the fuselage of 
f ineness   ra t io  10 can be found i n   t ab l e  I. The wing was mounted 
vert ical ly   in   the  center  of the fuselage and had no dihedral or 
incidence. The fuselage, which was semicircular  in  cross  section, was 
curved to conform t o  the bump contour. 

The control  surfaces  (aileron or f lap)  were made integral  with the 
wing  by cutt ing grooves i n  the upper and  lower surface of the wing along 
the 70-percent-chord Ifne. The control was divided  into  four  equal 
spanwise segments from Fuselage t o  wing t i p   ( f i g .  2 ) .  The desired 
control  deflection of the spanwiae segpents was obtained by bending the 
m e t a l  about the 70-percent-chord line.  After  being  bent,  the grooves were 
f i l l e d  KLth wax, thus giving a close approach t o  a 30-percent-chord 
sealed  plain  flap-type  control  surface. i. 

The model m a  mounted on an electrical  strain-gage  balance and the 
aerodynamic forces  and moments were measured with a calibrated potentiom- 
eter. The balance was mounted i n  a chamber within  the bump, and the  
chamber was sealed'except  for a am11 rectangular  hole through which a n  
extension of the wing paseed. T h i s  hole vas covered by the  fuselage end 
plate  which was approximately 0.03 inch above the bump surface. 

CORRECTIONS 

The aileron-effectivenese  parameters Cz8 presented  represent the 
aeroaynamic e f fec ts  on a complete wing produced  by the deflection of the 
control  surfaces on only one semispan of the complete wing. Reflection- 
plane  corrections which have been appl ied   to  the aileron-effectiveneee - 

parameters  'throughout  the Mach  number range tes ted  are given in   f igure  3 
and were obtained fram unpublished  experimental  corrections  obtained at 
low speed (M = 0.25) and theoretical  considerations. Although the 
correction8  are  based on incompressible  conditions  and  are only valid 
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for low Mach numbers, they were applied  throughout  the Mach  number range 
i n  order  to  give a better representation of true  conditions  than would 
be shown by the  uncorrected data. TTo sttempt .has been =de to   cor rec t  
the rolling-moment data fo r  increments  of r U n g  mgment due t o  the 
l i f t  increase on the wing-fuselage  end p la te   ( f ig .  1) produced  by 
control-surface  deflection. T h i s  e f f ec t  is believed t o  be of l i t t l e  
significance  for  short-span  outboard  control  surfaces but may be of 
fmportance for  control  surface8 that extend  outboard from the wing- . 

fuselage  intersection. 

The lift-effectiveness-an3  pitching-effectiveness  parameters 
represent  the aerodynamic e f f ec t s  of deflection i n  the s a m e  direction of 
the  control surfaces on both semispans of the  coxplete wing; therefore, 
no reflection-plane  corrections  are necegsarly f o r   t h e   l i f t  and pitching- 
moment data. . .  

The change i n  control-surface  deflection due t o  load was measured 
and  found to be negligible. No correctians were applied  for model twist 
due t o  air load  but these corrections are believed to be mall. 

TESTS 

The tests made in the  Langley high-speed 7- by 10-foot  tunnel, 
ut i l ized  an  adaptat ion of the WACA wing-flow technique  for  obtaining 
transonic  speeds. The technique  used  involves  the mounting of a model 
in  the  high-velocity  flow  field  generated  over  the  curved  surface of a 
bmp  located on the  tunnel  floor  (aee  reference 3) .  

Typical contours  of local Mach number i n  the v ic in i ty  of the model 
location on the bump, obtained frm surireys with no model in   pos i t ion ,  
are shown i n  figure 4. It  is  seen that there i s  a var ia t ion of Mach 
number of about 0.04 Over the model semispan a t  low Mach numbers and 
from 0.06 t o  0.07 a t  the  higbest  hbch numbers. The chordwise Mach 
number var ia t ion i s  generally less than 0.01. The effect ive Mach 
number over the wing semispan ie   es t i rmted  to be 0.02 higher  than  the 
effect ive Mach number where 50-percent-span  outboard  ailerons  .normlly 
would be located. No attempt has been =de t o  evaluate the   e f fec ts  of 
this chordwise  and  spanwise Mach  number variation. The long-&shed l ine> 
shown near the root  of  the w i n g  i n  figure 4 indicates a loca l  Mach 
number t h a t ,   i e  5 percent below the ~llaximum value and  represents  the 
extent of the bump boundary layer. The e f f ec t ive   t e s t  Mach  number was 
obtained f r a n  contour  charta similar to those  presented in figure 4 by 
use of the  relationship 

M = g l ' 2  s CM, &y 
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The var ia t ion of t e s t  Reynolds nmber  with Mach m e r  for average 
test   conditions i s  presented i n  figure 5 .  The Reynolds numbers a r e  based 
on the mean aerodynamic chord (0.181 f t ) .  

Force  and moment data were obtained with control surfaces of various 
spans through a M a c h  number range of 0.60 t o  1.16, an  angle-of-attack 
range  of -8O t o  80, and a control-deflection range of Oo to  loo. A d d i -  
t iona l  data on the 43-percent-span  outboard  control  surface ( f ig .  2 )  
were obtained up t o  a deflection of 30°. 

RESULTS AND DISCUSSION 

L i f t ,  rolling-moment,  and  pitching-moment coefficients - plot ted 
against control-nurface  deflection  for  the  outboard 43-gercent-span 
control a t  an  angle of a t tack of  Oo - are presented i n  figures 6, 7, 
and 8, respectively, and are representative data p lo ts  from which 
control-effectiveneBs parameters w e r e  obtained. The C U r y e B  of 
figures 6 ,  7, and 8 are   typ ica l  of the curves f o r  each of  the other 
control  configuraticms tested. The  data were obtained a t  various 
positive  control  deflection8  throughout  the  angle-of-attack  range, and, 
inasmuch as the wing w&8 symmetri'cal, data obtained a t  posit ive  control 
deflections  and  negative  'angles o f  a t tack  were considered, with 
appropriate regard t o  signs, to be equivalent  to d a t a  tbat would be 
obtained a t  negative  control  deflection  and  positive.angles of a t tack 
and were plot ted as a h .  

L i f t - ,  aileron-, and pitching-cffectiveness  parametere  plotted 
a s i n s t  Mach nuuiber are preeented i n  figures 9, 10, and 11, respectively. 
These parameters were obtained from figures 6 t o  8 and  similar  plots 
of the test data for the various control-surface  configuratiom. The 
data fo r  a l l  configurations had a linear  variation  with  control-surface 
def lect ion  for  a deflection range of approximately *lo0, and it was 
within this range that the slopes t o  obtEtin control-effectiveness 
parameters were measured. 

I n  general, a marked decrease in  l i f t -effect iveness  and aileron- 
effectiveneas  parameters  occurs between Mach numbem of 0.80 and 1.05 
( f igs .  9 and 10) for all angles o f  attack tested. A re la t ive ly  Bmaller 
decrease in  negative  value8 of pitching-effectivenem  parameter occura 
fo r  the outboard controls i n  about the same Mach number region a t  zero 
angle  of  attack  but this decrease is  not  apparent a t  the higher angles 
of a t tack  ( f ig .  11). 

For controls   s tar t ing a t  the wing t ip ,  figures 12 and 13 a re  a 
cmparison of the values of l i f t -effect ivenees and  aileron-effectivenese 
parameters  obtained i n  this inveetigation a t  M = 0.60 with  those 
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estimated by reference 4 a t  M = 0. Experimental  values &re i n  good 
agreement with estimated values for  short-span  outbard  controls.  As 
the control span is increased,  the  experimental  value8  becom higher 
than estimated ones and, i n  general, do not  give good agreement. 

The var ia t ion of aileron-effectiveness parameter withMach number 
and  control span for   controls   s tazt ing a t  the KLng t i p  i s  shown in 
figure 14. For any given  control span there is a large  var ia t ion of 
aileron  effectiveness  with Mach nrmiber (f igs .  10 and 14). 

Langley Aeronautical  Laboratory 
National Advisory C o d t t e e  for  Aeronautics 

Langley Air Force Base, Va. 
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b s i c  fineness ratio 12; actual fineness ra t io  10 
achieved by cutting off the rear one-sixth Of 

the body; F/4 located at 2/21 

L. E. radius = 0.00052 
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Figure 1. - lteneral arrangement of model w i t h  35' meptback wlng, aspect ra t lo  4, taper ratio 0.6, 
and R E A  65~006 a i r fo i l .  
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Figure 2.- Details of control  surfaces  tested. 
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Figure 5 .  - Variation of average t e s t  Reynolds number with Mach number 

for mdel with 3 9  suwptback w i n g ,  aepect ra t io  4, taper ra t io  0.6, 
and W A  63W6 alrfoi l .  
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Figure 6.- Variation of lift coefficient with control deflection f o r  

various Mach nmibers. ba = 0.4$, outboard; a = Oog 
2 
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Figure 7.- Variation of rolling-moment  coefficient w i t h  control 

deflection  for  various Mach riders. ba = 0.4& outboard; 

a = 0'. 
2 
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Figure 8.- Variation of pitching-moment coef f ic ien t  w i t h  control  

def lec t ion  f o r  various Mach numbers. b, = 0.4%, outboard; 
a = O .  
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Ffgure 9.- Variation of lift-effectiveness  parameter w i t h  Mach number. 
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Figure 10.- Variation of aileron-effectiveness  parameter w i t h  Mach number. 
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Figure ll.- Variation of pitching-effectiveness parameter w i t h  Kach 
number. 
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Figure 12.- Caparison of estimated and experimental values of lift- 
effectlvenees p a r e t e r  f o r  controls  starting at the w i n g  t i p .  
a = oO. 
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Figure 13.- Compari~on of estimated  and  experimental  values of aileron- 
effectiveness parameter for controls s tar t -  at the w i n g  t i p .  
a = 00. 
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Figure 14.- Effect of Mach 
effectiveness parameter 
a = 0'. 

number and span of control  on aileron- 
f o r  control  s t a t i n g  at the wing tip. 
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